
RESEARCH MEMORANDUM 
* 

*' 
i- *.' 

EFFECTS OF'SOME METAL ADDITIONS ON PROPERTIES 
.. . 

O F  MOLYBDENUM DISILICIDE 

By H. A. DeVincentis and W. E. R u s s e l l  

Lewis 

, 

NATIONAL 

Flight Propulsion Laboratory 
Cleveland, Ohio 

. . ." 

ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASH I NGTON 
May 4,1954 



NACA RM E54B15 

NATIONAL ADVISORY COhHITCEX FOR A E R O ~ ~ I C S  

EFFECTS O F  SOME METAL ADDITIONS ON PROPERTfES 

O F  MOLYBDENUM DISILICIDE 

By H. A. DeVincentis and W. E. Russe l l  

The effect of the addi t ion  of approximately 6 percent   niakel ,  
coba l t  , or platinum on some proper t ies  of molybdenum dis i l ic ide was in -  
vest igated.   These  addi t ions  resul ted in appreciably  lowering the modulus- 
of-rupture  strength  from that of  unalloyed molybdenum d i s i l i c i d e .  The 
thermal shock  reeis tance was unimproved. The resistance t o   o x i d a t i o n  
was decreased at higher   tanperatures .  

It is bel ieved that above 2000' and 2400' F the n icke l  and  cobalt 
a l loys ,   respec t ive ly ,  formed  low-melting in t e rme ta l l i c s  and poss ib ly  
e u t e c t i c s  between these atermetaI l icEi .  This r e su l t ed   i n   cons ide rab le  
porosi ty .  No uncombined m e t a l  could be de tec t ed   i n  either hot-pressed 
or heat-treated material. In the platinum-containing  bodies, uncombined 
m e t a l  was detected after hot   pressing.  The concentration of uncombined 
m e t a l  decreased as a r e s u l t  of heat t r e a b e n t   a n d ,  after t reatment  a t  
the higher tenperatures,   could  not be detected. 

INTRODUCTION 

Because  of i ts  exce l l en t   r e s i s t ance   t o   ox ida t ion  and i ts  outstand- 
ing   s t r eng th  a t  elevated temperatures, molybdenum dis i l ic ide MoS% 
appears t o  have promise as a material for high-temperature appl ica t ion  
(ref. 1). Its modulus-of-rupture  strength is 90,000 pounds per square 
inch  a t  2000° F and the 100-hour l i f e  is over 30,000 pounds per square 
inch  at 1800' F (ref. 2). The poor   res is tance  of  MoSi2 t o  thermal shock 
limits its appl icat ion.  

On the premise that t h d  shock  resistance  can be increased by 
the introduct ion of a d u c t i l e  m e t a l  b inder ,  a series of evaluat ions was 
conducted to determine the effect of m e t a l  addi t ions  on the proper t ies  
of MoSi2. 
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Nickel, cobal t ,  and platinum were considered satisfagtory f o r  
binding and in preliminary tests were found t o  wet M o S i 2 .  

Preliminary  oxidation tests were conducted on hot-pressed  bodies 
of  MoSi2 p lus  5, 10, and 20 percent of each of these metals. The 
res i s tance   to   ox ida t ion   decreased  rapidly w i t h  increasing m e t a l  content.  
On t h e  basis of these tests, 6 percent  was se lec ted  as the amount of 
m e t a l  add i t ion   fo r  Further study. 

After these mixtures were hot-pressed, a series of homogenizing 
t reatments  was given  and their  effect on t he   p rope r t i e s  wa8 ev8,luated. 
Specimens of each m e W  addi t ion were given a 20-hour soaking treatment 
at 2400° F i n  a helium abuosphere.  Density  measurements were used t o  
check on the stability of these al loys during this treatment.  Lower or 
higher  homogenizing  treatments were given t o   o t h e r  specimens of each 
group u n t i l   t h e  maximum temperature of stability was determined. 

The MoSi2 powder used in this inves t iga t ion  was prepared  by the 
Elec t ro   Meta l lurg ica l  Company.  

This powder was ba l l -mi l l ed   fo r  48 hours  before it was mixed with 
the metal powders and f o r  1 2  addi t iona l   hours  after it was mixed. All 
b a l l  mi l l i ng  was done i n  a steel  m i l l  with steel balls, .with benzene as 
a medium. After th i s   t r ea tmen t   t he  i ron  content  was found t o  be lese 
than 0.5 percent.  

The nicke l ,   coba l t ,  and platinum  powders were obtained from comer-  
c i a l   sou rces .  

m c m  PREPARATION 

The mixed powders Were hot-pyessed in graphite d ie s  into 112 by 1/2 
by & inch bars .by the Metal CtxrbideB Corporation a t  approximately 2800' F 
under a load of 2500 pounds. The e n t i r e  cycle required  about 45 minutes. 

4 

HOt-preS6ed and  homogenized bars w e r e  c u t  in half lOngi-hIdinally 
and each half w8s ground t o  a f inished  crosa-sect ion of 0.200 by 0.400 
inch. This process ccnqpletely removed the graphite-affected  zone. AU. 
hmogenieing was conducted in a helium atmosphere f o r  20  hours and t h e  
temperatures used were: 

Cobalt   bearing: 2000' and 2400O F 

Nickel  bearing: 1800°, 2000°, 220O0, and 2400' F 

Platinum  bearing: 2400' and 260O0 F 
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Pieces  0.400 inch  long were c u t  from one  end of each bar f o r  oxida- 
t i o n  and thermal shock  evaluations. The long  pieces  were used  for  
d e n s i t y ,   r e s i s t i v i t y ,  and modulus-of-rupture  evaluations. 

Density. - The t r u e   d e n s i t i e s   o f  the mixed powders were obtained by 
4 
UI m 

N the pycnometer  method with freshly b o i l e d   d i s t i l l e d  water. 

P a r t i c l e   s i z e .  - P a r t i c l e   s i z e   a n a l y s i s  was conducted with a 
photelometer as described i n  re ference  3. Xylene was used a~ the d i s -  
persing medium i n  a l l  analyses reported herein. This procedure was 
checked  by  making a partial size analysis of a powder tlmt had  previously 
been  analyzed by both the photelameter and sub-sieve  techniques. 

Density. - The bars w e r e  c a r e f u l l y  measured and weighed  and t h e  
dens i ty  W&S calculated.  Where spectutens  could  not  be  measured accurately, 
a th in   coa t ing  of lacquer was applied and the dens i ty  was ca lcu la ted  by 
the water-immersion method. 

Res i s t iv i ty .  - The poten t ia l   d rop   across  a knam length  was measured; 
d i r e c t   c u r r e n t  was used. The cur ren t  w&s held constant  and a t  a low 
enough va lue   t o   avo id  heating the piece  being tested. A 12-vol t   s torage 
battery, combined in series with a 5-ohm rheos t a t ,  an ammeter (0.1 ampere- 
d iv is ions)  , and mercury  contacts,  was used t o  provide a constant   current .  
The resist ivity was ca lcu la ted  from the measured  current , potent ia l   drop,  
and  specimen  dimensions. 

Modulus of rupture .  -.The modulus-of-rupture  evaluations were con- 
duc ted   in  a specially adapted  Globar furnace as reported in reference 1. 
The furnace i s  equipped with a lever" system for loading, and constant  
loading rates are achieved by con t ro l l i ng  mter f l o w  i n t o  a load  container.  

fn all evaluat ions,  a loading rate of 2000 pounds per  squa re  fnch 
per minute  and a spas of 2 inches were used.  Each  specimen 0.2 by 0.4 
inch i n  cross sec t ion  was soaked a t  temperature for 15 minutes prior t o  
loading. 

Oxidation resistance. - The specbens  approximately 0.400 by 0.400 by 
0.200 inch  were c a r e f u l l y  measured  and  weighed.  Evaluation  of  oxidation 
resistance was conducted i n  a Globar  furnace with alundum boa t s  and i n  
s t i l l  air. All spalled material vas included In the weighing.  Weight 
changes per u n i t  of area were recorded  and camparred. 
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Thermal  shock res i s tance .  - Spec-Lmen~~O.4 by 0.4 by 0.2 inch were 
placed in alundum boa t s  and heated t o  1800 F i n  air in a Globar  Furnace. 
They were then 'quenched i n  water and examined microscopica l ly   for  cracks. 
A second cycle fkm 1800' F, followed by two eycles from 2000°, 240O0, 
and 2500' F, was repeated u n t i l  specimea f a i l u r e .  

Metallography. - The microstructure  of the hot-pressed alloyed bars 
was examined, and c m p a r i s o n s   t o  pure M o S Q  s t ruc tu res  were made. The 
effect of soaking t h e  and temperatures was also Invest igated.  The M 
specimens  bearing  nickel and coba l t  were   e tched   e lec t ro ly t ica l ly   in  a 2 
bath  of n i t r i c  and a c e t i c  acids. Those wi th  the platinum  addition were 
etched  with  aqua  regia. 

cu 

X-ray d i f f r ac t ion .  - A wide-range X-ray d i f f r a c t m e t e r  was used t o  
identif 'y  the  minor phase8 observed  metallographically.   Cobalt   radiation 
( i r o n   f i l t e r e d )  was used   fo r   t he   coba l t  a l l o y  and  copper (nickel  filter) 
r a d i a t i o n   f o r   t h e   n i c k e l  and  platinum a l l o y s .  

Density and p a r t i c d - s i z e  malwis. - The p d e r  dens i t i e s  of t h e  
mixes by pycnometer  measurement were: 

P d e r  Density, 

I MoSi2 + N i  - [ 6.35 1 ~ 

I MoSiz + Co - I 6.33 1 
M&i2 + P t  - 6.98 

The par t ic le -s ize   ana lyses  of t h e  mixes showed that t h e  MoSi2 + Co 
and the M & i  + F% had approxlmately the same average particle s i z e  
(2.4  micronsf, while the average s i z e  fo r  the nickel-bearing powder w a ~  
cons iderably   f iner  (1.6 microns).  These  values a r e  the averages of t.wo 
determinations. The pa r t i c l e - s i ze   d i s t r ibu t ion  i s  given in table I. 

Hot-Pressed  Bodies 

Chemical ana lys i s  of bars. - A review of the analyses shown i n  
table IZ revealed no signiffcant t r ends  when t h e  metal content was 
corre la ted  with heat-treatment  temperature  and load. The va r t a t ion  
in   pe rcen tages   sugges t s   t he   poss ib i l i t y  of sme lose o f - m e w   d u r i n g  
hot   p ress ing  or, more likely, segregation of t h e  powder mixes p r i o r  
t o   p r e s s i n g .  However, the  d i f fe rences  w e r e  believed not  so great as t o  
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produce  appreciable  changes i n  the physical p rope r t i e s  if the bms i n  
themselves were uniform. It was not  determined how much the composition 
var ied  wi th in  a c e r t a i n  bar, but  photomicrographs revealed a c e r t a i n  
amount of  nonuniformity. 

Metallographic asd X-ray ana lys is .  - The series of photomicrographs 
i n   f i g u r e  1 represents  the s t r u c t u r e s  of M & i Z  p lus  6 percent   n icke l  
after various heat treatments.  In the hot-pressed  material  (f ig.  l(a)) 
t h e  white matrix i s  MoSiZ and the grain boundaries  contgin  one  or more 

bu t   s t ruc tu res   un l ike   t hose  of n i c k e l  or MoSi2 were found t o  be present .  
Pfautsch (ref. 4) reported a compound  Ni4Mo2Si + NI3Si2 amd/or Ni2Si. 
The g a i n  boundaries i n  f i g u r e  l (d )  are multiphase and it is bel ieved 
that this r eac t ion   o r  a shilar one is involved fn t h i s  alloy. Pfautsch 
also reported these intermetallics t o  be l o w  melting,  and it is bel ieved 
that the large increase  in poros i ty  o r  voids  as shown by the black areas 
i n  figures I (d)  and l(e) arises from  low-melting  FntermeWlics or pos- 
sibly f iom low-melting  eutectics  between the in te rmetaJ l ie8   p resent  i n  
these alloys. 

N 
4 

w cn minor  phases. No free nickel   could be detected by diffkact ion  techniques,  

Figure 2 depicts the s t r u c t u r e s  of hot-pressed and heat-treated 

boundaries of  the M&i2 .  These  const i tuents  were found t o  have s t r u c t u r e s  
unl ike  the m e t a l  or the M o S i 2 .  N o  free cobal t   could be de tec t ed   i n  the 
hot-pressed  or  heat-treated  bodies by diffract ion  techniques.  The lower 
porosi ty   suggests  that these in t e rme ta l l i c s  have higher melt ing tempera- 
t u r e s  than those  found i n  the nickel-beming  bodies.  These  phases have 
not  been iden t i f i ed  but   cons is ten t ly   gave  X-ray d i f f r a c t i o n  lfnes that 
inc reased   i n   i n t ens i ty  as a r e s u l t  of heat t rea tment ,   o r  as heat-treatment 
tanpera ture  was increased. 

c MoSi.2 p l u s  6 percent   cobal t .  AgaFn minor phases were found in the gra in  

- 

The s t r u c t u r e s  of the platinum-bearing  bodies as hot-pressed  and 
heat- t reated axe shown in figure 3. AB for the other alloys, d i f f r a c t i o n  
techniques showed the presence OP i n t e r m e t a l l i c  phases. Bee platinum 
was detected i n  the hot-pressed  bodies  but was not  found i n  the heat- 
t r e a t e d  material. An appreciable dens i f i ca t ion  vas measured after the 
2600' F heat treatment  and is apparent from the photomicrographs. 

Density  and resistivity. - A review of the d e n s i t i e s  and r e s i s t i v -  
i t i es  i n  table IT1 shows that di f fe rences   ex is ted  among the o r i g i n a l  bars 
a d  alfio  between halves of the same bar. 

After heat trea-bnent,  there w e r e  considerable  changes in dens i ty  and 
resist ivity as shown i n  the graphs i n   f i g u r e  4. The MoSf2 + P t   d e n s i t i e s  

decreased  considerably. 
c increased slightly w i t h  heat- t reat ing  temperature  while the resistivities 



6 NACA RM E54B15 

The d e n s i t i e s  and resistivities of the   cobal t  and nicke l  alloys 
were affected  by  heat  trea-tment above 2000° F as shown i n  table III. 
Specimens tended t o  s w e l l  and become porous. This, it is believed, 
a rose  From low-melting  intermetall ics a d  from e u t e c t i c s  between these 
in t e rme ta l l i c s .  

Modulus-of-rupture  strengths. - When modulus-of-rupture  tests were 
conducted on the  M d i Z  + Ni bars, t h e   e f f e c t  of heat  treatment was very 
apparent as shown i n   t a b l e  IV. The 1800° and 2O0O0 F heatotreatments rn 
were b e n e f i c i a l ,  whereas  heat  treatments  of 2200° and  24W0 F g rea t ly  

m 
l- 

lowered  the s t r e n g t h s .  A t  the   tes t ing  temperature  of 2000 F, the best 
Eo 

rup tu re   s t r eng th  wad less than 20 percent  of  the  pure MoSi2 s t rength.  

The rupture   s t rengths   of   the   cobal t   a l loys were much higher  than 
those .of t he   n i cke l   a l l oys  and were no t   g rea t ly   a f f ec t ed  by heat t r e a t -  
ment up t o  240O0 F. However, the   s t rengths  were appreciably less than 
those of unalloyed MoSi2 (see table V). 

The rupture   s t rengths  of the  platinum a l loys  were greatly  reduced 
fram those of pure MoSiZ and heat  treatment had l i t t l e  e f f e c t .  A t  t h e  
2oOo0 F test temperature ,   the   s t rength was approximately 25 percent of 
the   pure  M & i 2  s t r eng th  (table VI). 

Ih gene ra ,   ho t   p re s s ing  and heat  treatment of Mo9i2 plus  6 percent 
cobalt ,   nickel,   or  platinum  produces  bodies of Mo$i2 p lus   o ther   in te r -  
metal l ics   with  great ly   reduced  rupture  s t r eng ths .  

Thermal  shock tests. - While t h e  test was ra ther   crude,  it served 
to   p rov ide  a basis f o r  comparison of the  thermal  shock  resistance of 
MoSiZ to that of t h e  a l l o y s .  

All specimens  including  pure M & i Z  develqped s l igh t   sur face   c racks  
on t he  first water  quench *om 180O0 F. Cobalt  and nickel  specimens 
cracked  appreciably more on subsequent  quenches  than did the  pure M o S i Z .  
Specimens containing  platinum  developed  wider  cracks and failed at  con- 
d i t ions   on ly   s l i gh t ly   l e s s   s eve re   t han  d i d  the  pure MoSiZ. 

The meta l   addi t ions   d id   no t   p rovide   suf f ic ien t   duc t i le  metal b inde r  
for t h e  MoSi2. I n  these  hot-pressed  bodies, most of t he  metal had reacted 
with the MoSiz t o  form new intermetal l ic   phases .  In view of t h e  con- 
d i t i o n  of t h e  metal addi t ions i n  the hot-pressed bodies, unimproved 
thermal shock r e s i s t a n c e  was not   surpr is ing.   In   general ,  all a l l o y  bars 
regard less  of heat  treatment  exhibited  less  thermal  shock  resistance than 
unalloyed M o S i Z .  

Oxidation  resistance.  - The air corrosion of pure MoSk and of the 
a l loys  f o r  100-hour  and  300-hour duration is represented by f igures  
5 (a] and 5 (b) , respec t ive ly .  

I 
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The MoSi2 + N i  a l loys  were found t o  be very  unstable  above 2000° F. 
d If the heat   t reatment   or  the test  temperature  exceeded 20W0 F, the 

bodies became porous and oxidized badly. 

The air corrosion rates of the cobalt   and platinum U o y s  are higher 
than that of  pure MoSiZ at. 2450' F. Distor t ion  of  the cobalt- and platinum- 
bearing bodies  occurred  above 2450° F. 

N 
wl 4 w 

SUMMARY OF RESIJLTS 

The e f f e c t  of the addi t ion  of approximately 6 percent  of nicke l ,  
cobal t ,   or   p la t inum on the properties of molybdenum disilicide was 
invest igated and r e s u l t s  were as follows: 

1. The modulus-of-rupture  strength of hot-pressed  bodies of  molyb- 
denum dis i l ic ide p lus  6 percent   n icke l  was about  0ne-thh-d that of - 
pure molybdenum d i s i l i c i d e .  Interme-t;allics that are b e l i e v e d   t o  be low 
melting were found t o  be present  i n  this  material and no uncombined 
nickel   could be detected.  This material -8 found t o  be stable up t o  
2000° F. Above this   temperature ,  these low-melting in t e rme ta l l i c s  and 
poss ib ly   eu tec t i c s  between these intermetall ics  produced  considerable 
porosi ty .  As a r e s u l t ,  the oxidation resistance and s t r eng th  w e r e  very 
low. The thermal shock  res is tance waa unimproved  over that of unalloyed 
MoSi2 

2. The modulus-of-rupture  strength  of  hot-pressed  cobalt-bearing 
material was found t o  be considerably better than that of the n icke l  
alloy. N o  uncombined m e t a l  could be detected in either hot-pressed  or 
heat-treated material. The oxida t ion   res i s tance  was @so found t o  be 
only s l i g h t l y  less than that of pure M & i 2  up t o  2200 F. 

A sharp decrease i n  dens i ty  and oxidation resistance r e s u l t e d  when- 
ever this materid was heated abwe 2400' F. It is bel ieved that the 
in t e rme ta l l i c s  and e u t e c t i c s   i n  th i s  material melt at  higher temperatures 
than those  found i n  the n icke l  alloy. No appreciable   difference Fn the 
thermal-shock resistance mer that of unalloyed molybdenum d i s i l i c i d e  was 
found . 

3. Hot-pressed  bodies of molybdenum d i s i l i c i d e   p l u s  6 percent  plat- 
inum were found t o  have  rupture strengths very much less than pure molyb- 
denum disilicide. The oxida t ion   res i s tance  of this material was found t o  
c o q a r e  with pure molybdenum disil icide up t o  2WOo F but   decreased con- 
siderably a t  higher temperatures.  Uncmbined  platinum m s  de tec t ed   i n  
the  hot-pressed material, b u t  decreased and finally w a ~  all cmbined in 
new s t ruc tu res  a t  the higher heat-treatment temperatures. No di f fe rence  
i n  thermal shock resistance was found. 
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4. In general, i n  all three systems involved, the metal added can- 
not  exist  in   equi l ibr ium  wi th  molybdenum d i s i l i c i d e .  A more c w e f u l  
screening involving more than wett ing is necessa ry   t o  find metals t h a t  
will provide a duc t i l e   b ind ing  for molybdenum d i s i l i c i d e .  

Lewis Flight Propulsion Laboratory 
National  Advisory Committee for Aeronautics 

Cleveland,  Ohio,  February 23, 1954 
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Fract ion,  
microns 

MoSi2 + P t  MoSiZ + Co MoSi2 + Wi 
Test  1 Test  2 T e s t  1 Tes t  2 Test  1 Test  2 

0-1 

4.4 5 .O 6-7 
3.7 4.1 4.3 6.5 6.1 5-6 
8.7 6.6 ll.1 10.3 5.3 9.8 4-5 
21.0 14.7 21.4 16.2 8.0 7.3 3-4 
31.1 30.3 28.1 34.4 16.4  14.8 2-3 
25.5 31.1 27.8 25.1 38.0 40.4  1-2 
5.6 8.2 11.6 9.7 25.8 21.6 

Sample 
number 

%A 
A2 
B2 
D3 
c1 

Nickel, 
percent  

5.56 
5.79 
5.89 
4.69 
6 .OO 

Sample 1 Cobalt, I Sample I Pla thum,  number percent number percent  
~~ 

6A 

4.03 5.94 4 
5.06 6.26 1 
5.31 6 .C8 

ll 5.77 
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TABLE XI. - DENSITY AND RESISTIVITY OF MOLYBDENUM D I S I L I C l D E  

PLUS 6 PERCENT METALLIC ADDITIVE 

Sample 
number 

IA 
1B 
2A 
3A 
3B 
av  . 
I 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
av . 
av . 

(a) Nickel. 

Heat- t rea€ing 
temperature ,  

OF 

None 
None 
None 
None 
None 

2400 
2400 
2400 
2400 
2400 

2400 
2400 
2400 
2400 
2400 

2600 
2600 
2600 
2600 
2400 
2600 

Densi ty ,  
g/ml 

5.90 
5.91 
5.99 
5.84 
5.90 
5.91 

6.05 
5.76 
5.88 
5.84 
5.88 

6.02 
6.02 
5.91 
5.81 
5.99 

6.13 
5.96 
6.15 
5.88 
5.92 
6.03 

I 

Resistivity, 
microhm-cm 

53.71 
57.94 
37.49 
65.98 
57.20 
54.46 

28.7 
50.7 
44 .O 
44.3 
45.6 

28.7 
29 .I 
45.5 
47.9 
30.2 

28.7 
46.7 
28.4 
45 .O 
39.5 
37.2 

M ua 
F- 
R3 
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TABLE 111. - Continued. DENSITY AND RESISTIVITY O F  MOLYBDENUM 

D I S I L I C I D E  PLUS 6 PERCENT .-IC ADDTTrtrE 

,aslple 
umber 

44 
4B 
5A 
5B 
6A 
6B 
av . 
1 
2 
3 
4 
av . 
1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
l l  
12 
av . 

(b) C o b a l t .  

Beat-treating 
temperature, 

OF 

none 
None 
None 
None 
Ron e 
None 

2000 
2000 
2000 
2000 

2400 
2400 
2400 
2400 
2400 
2400 

2400 
2400 
2400 
2400 
2400 
2400 

D e n s i t y ,  
g/ml 

5.97 
5.98 
5.99 
5.97 
6.01 
5.98 
5.98 

5.99 
5.97 
5.91 
5.92 
5.95 

5.82 
5.90 
5.99 
5.83 
5.67 
5.69 

5.87 
5.71 
5.89 
5.97 
5.84 
5.82 
5.83 

Res i s t iv i ty ,  
mfcrohm-cm 

44.91 
42.93 
42.17 
39.69 
43.62 
40.72 
42.34 

39 .I 
37.0 
38 .O 
41.3 
38.8 

40.92 
37.12 
39.33 . 
40.55 
43.52 
47.13 

40.28 
46.35 
38.04 
36.01 
41.41 
40.90 
41.01 
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TABLE In. - Concluded. DEMSITY AND RESISTIVITY OF MOLYBDENUM 

DISILICTDE PLUS 6 PERCENT METALLIC ADDSTIVE 

Semple 
number 

7A 
7B 
8 A  
8B 
9A 
9B 
8V. 

Al 
A2 
A3 
A4 
av . 
B1 
B2 
B3 
B4 
av . 
Dl 
D2 
D3 
D4 
av . 
c1 
422 
c3 
c4 
av . 

Heat-treating 
temperature, 

OF 
None 
None 
None 
mane 
None 
None 

1800 
1800 
1800 
1800 

2000 
2000 
2000 
2000 

2200 
2200 
2200 
2200 

2400 
2400 
2400 
2400 

Density, 
@;/ml 

5.84 
5.91 
5.91 
5.80 
5.96 
5.98 
5.90 

5.92 
5.94 
5.97 
5.91 
5.94 

5.83 
5.89 
5.86 
5.75 
5.83 

5.32 
5.62 
5.22 
5.06 
5.32 

5.20 
5.03 
4.71 
4.40 
4.83 

Resistivity, 
microhm-cm 

46.05 
42.32 
42.26 
48 .lI 
39.61 
38.06 
42.73 

41.3 
42.5 
41.0 
41.8 
41.7 

42.7 
40 .Q 
41.9 
44.8 
42.3 

45.4 
39.3 
44.7 
51.3 
45.2 

44.5 
45.4 
50.7 
61.1 
50.4 
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ESLZ < 

7 'emperature , number 

Rom 8A 
Room A2 
Roam B2 
Rotan D 3  
Roam c1 

I 

1800 7B 
1800 Al 
1800 Bl 
1800 Dl 
1800 c2 

2000 9A 
2000 A3 
2000 Bs 
2000 D2 
2000 c3 

2000 52 

ReSistiviQ, 
m i c r o h e m  

42.26 
42.50 
40.00 

44.50 

42.32 
41.30 
42.70 
45.44 
45.40 

39.61 41.00 
41.90 
39 .SO 
50.70 

44.70 

20.50 

Density, 
d.1 

5.95 
6.94 
5.89 
5.22 
5 -20 

5.91 
5.92 
5.83 
5.32 
5.03 

5.88 
5.97 
5.86 
5.62 
4.71 

6.07 

Moaulue of 
rupture,  psi 

38,600 
49,700 
37,200 
24,600 
25,000 

25,500 
34,500 
35 Jm 
27,500 
17,000 

3,650 
13,700 

6,560 
3,000 

86,700 

14  ,800 

Heat treah 

2200 
2400 

None 
18M3 
2000 

-20 

2200 
-20 
-20 

2400 -20 

None 
1800 -20 
2000 -20 
2200 -20 
2400 -20 

o t  
IllmospherE 

Helium 
Helium 
Hellum 
Helium 

Helium 
Hellum 
Helium 
Helium 

Helium 
Hellm 
mum 
Helium 

1 
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Teat Reelativity, Sample 
temperature, microhm-an number 

OF 

Room 

40.55 4 ROCBll 
39 .lo 1 Rom 
43.62 6A 

ls00 5A 42.17 
ls00 2 

1 ls00 
37 .oo 
40.92 

2000 5B 39.69 
2000 3 38 .oo 
2000 12 40.90 

2000  20.50 82 

*Pure rnolgbdemrm disi l ic ide.  

Density, 
d.1 

5.94 
5.99 
5.83 

6.01 
5.97 
5.82 

5.99 
5.91 
5.82 

6.07 

Mcdulua of 
rupture, pei 

60,000 
48,900 
43,500 

75 ,OOO 
76,100 
64,200 

62,100 
60,300 
53,800 

86,700 

Heat treat 

None 
2000 

-20  2400 
-20 

Bone 
2000 -20 
2400 -20 

Bone 
2000 -20 
2400 -20 7 

ent 
Atmosphere 

Helim 
Helium 

Helium 
Helium 

Helium 
Helium 

2753 
# 

. . .   . .  
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ESL2 
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t , 

Test I Sample 

12 

2mo: 

l.3 2000 
4 2000 
6 2 m  
3B 

I 

Resistivity, Density, 
m i c r o h a  g / d  

57.94 
SO. 20 
45.60 
28.70 

5.92 
5.99 
5.88 
6.U 

Ycaulus of 
rupture, psi 

53 71. 
28.70 44.00 
46.70 

57.20 
28.70 
44.30 
28 .Bo 

6.02 
5.84 

39,500 
40J900 
40,100 
35 J900 

14 ,900 
24 J700 
18,750 
27 J 6 0 0  

Heat treat 

2400 
2600  -20 

Helium 
Helium 
Helium 

Mane 
2400 
2400 
2600 

lime 
2m 
2400 
2600 

-20 
-20 
-20 

-20 
-20 
-20 

Eeliua 
Helium 
Helium 

. .. . .. . . .. . 
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Figure 5. - A i r  corroeion of puq molgbdenm d l a l l l c l d e  and 8 l l . 0 ~ ~ .  (Valuee for pure mlybcltnm di6Lucide:  at zooOo F, 
frm ref. 11 a t  2200' and 2450 F, frm ref. 2. )  

N 
P 

. .  . 



. .  .. . . ... . . . . .  .. 

-Bo L 
Flgurc 5. - Air csnosion of pure mclybdenm d i s d l i c l d e  and al loye.  (Values for pore 

wlytdenuu, bislllcide: at aoooO F, from ref. 1; at 2 2 M O  end 2453' P, fmn ref. 2.) 
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